Introduction
The quadratic electrooptic response of a noncentrosymmetric uniaxial crystal may origin either from the real quadratic electrooptic effect or complex indirect contributions that, despite being related to the linear electrooptic effect, are proportional to a square of the applied electric field [1] . For example, one of such contributions results from the fact that refractive indices of waves in electrooptic crystals are nonlinear functions of the components of the impermeabilty tensor.
Convenient means to investigate the indirect contributions are provided by Jones matrix calculus extended for an arbitrary direction of light in a way that allows us to treat refracted waves and rays that diverge in the crystal and are modulated by an external low-frequency electric field [1] [2] [3] . In the extended approach, independently of the electric-field-induced changes in the optical frequency impermeability tensor, the following phenomena have been taken into account:
• different azimuths of polarization for the fast and slow divergent waves and, accordingly, different distances covered by these waves,
• two divergent beams emerging from a birefringent plate may interfere partially,
• in electrooptic crystals, with applied low-frequency field, the directions of the refracted waves and rays change, according to the electric field strength, from their field-free directions. Independently of the previously mentioned quadratic response which originates from the linear electrooptic effect in noncentrosymmetric electrooptic crystals, the phenomena mentioned in the second point above may appear simultaneously with the phenomena mentioned in the third point above, giving a complex indirect contribution which manifests on the second harmonic of the modulating electric field.
The interest in development of methods allowing to measure quadratic electrooptic coefficients in noncentrosymmetric crystals is still increasing [4, 5] . It has been shown recently, that measurements of quadratic electrooptic coefficients in noncentrosymmetric crystals require a careful analysis of physical mechanisms responsible for the nonlinear response [1, 2, 6] . Thus, investigations of the response nature are of great significance.
Recently some results obtained at 23.5°C for the quadratic electrooptic coefficients of BaTiO 3 in the ferroelectric phase (symmetry of 4mm) have been presented [4] . The coefficients reported for the crystal are very large, namely g 1122 = -3.5´10 -17 m 2 /V 2 and g 1133 = -8.0´10 -17 m 2 /V 2 .
The order of magnitude of the coefficients is the same as that obtained in the first measurements performed for the KDP-type crystals, i.e., 10 -17 m 2 /V 2 . It has been found later that the real quadratic electrooptic coefficients in the KDP family of crystals are between 10 -19 and 10 -20 , in m 2 /V 2 units [6] . One may also note that in BaTiO 3 one of the linear electrooptic coefficients, i.e., r 232 is of very high value, while the other nonzero coefficients r 113 and r 333 are much lower [7, 8] . Therefore, in the crystal, the intensity of the apparent quadratic effect should be noticeably dependent on the directions of the modulating electric field and light.
The aim of this work is to investigate, in selected configurations of the electric field and light, the mechanism of the quadratic modulation due to the linear electrooptic effect in the ferroelectric phase of BaTiO 3 .
Method
In real electrooptic systems, some inaccuracies in crystal cutting and alignment can appear. The inaccuracies may strongly affect the system response [1, 9] . Our analysis is based on the extended Jones matrix calculus, where inaccuracies in crystal cutting and/or alignment, and the partial interference of shifted beams are taken into consideration. We took into account a Gaussian distribution of the light amplitude within the cross-section of the beam
where r is the radius of the beam. In the simulation, for the configuration when the light propagates along the crystal optic axis we considered a modulator comprising a sandwich of polarizer, quarterwave plate, BaTiO 3 plate subjected to a sinusoidal lowfrequency electric field, and analyzer crossed with the polarizer. Considering the configurations with the light sent perpendicularly to the crystal optical axis, we assumed that no retardation plate is applied. This is possible because a method has been recently proposed that takes advantage of the temperature dependence of crystal's natural birefringence to provide the work of the modulator on the linear, most sensitive part of its transmission characteristic [2, 9] .
The crystal was assumed to be cut in the form of a right parallelepiped with its axes forming the xyz system. We considered the electrodes deposited onto crystal faces. The intended direction of the incident light, given by the unit vector ó, which is perpendicular to the entrance face is taken to be in the direction of the +z axis. The azimuths of other elements in the optical system are given relative to the +x axis, which defines the reference azimuth. Following Refs. 1, 2, and 9, the angles â c and ã c describing the inaccuracies in the crystal cutting specify the rotations of the xyz system about the +x and +y axes, respectively. The angles â c and ã c are defined by the transformation b from the intended crystal cutting orientation system xyz to the x'y'z' axes connected with the faces of imperfectly cut crystal 
The inaccurate alignment of the crystal is described by the angles â a and ã a that describe rotations of the direction of the incident light, now along the +z'' axis, from the main +z' axis of the parallelepiped. 
The rotations also perturb the zero of azimuth, now described by the axis +x''.
In measurements of the quadratic electrooptic coefficients such configurations of the light and electric field directions are preferred where the linear electrooptic response is forbidden by the crystal symmetry. The linear electrooptic effect does not appear only for specific directions of the light and electric field. An interesting method of designing an experimental configuration, in which the linear electrooptic effect does not contribute, has been presented in Ref. 4 . However, in any configuration, even small inaccuracies in the crystal cutting and orientation, which are unavoidable in practice, may still introduce unintended contribution of the linear effect. For BaTiO 3 , with its very large r 232 coefficient, the contribution should be considered with a special care.
In our numerical calculations we used the following parameters: the amplitude of sinusoidal modulating field was taken to be 10 4 V/m, the crystal length 2 cm, the light wavelength ë = 632.8 nm, and the radius of the Gaussian light beam of 1.0 mm. We considered a mechanically free, i.e., stress free BaTiO 3 crystal employing the values of the ordinary and extraordinary refractive indices n o = 2.413 and n e = 2.361 [4] along with the linear electrooptic coefficients r 113 = 19.5 pm/V, r 333 = 97 pm/V [8] , and r 232 = 1640 pm/V [10] . We assumed all quadratic electrooptic coefficients to be equal to zero. Therefore, the results obtained present purely apparent quadratic response which has its source solely in the linear electrooptic effect.
Results
As the first example we considered propagation of the Gaussian beam along the optic axis in a field that bisects the X and Y crystallographic axes
To illustrate the effect of inaccuracies in the crystal cutting and alignment, we plotted in Fig. 1 the dependence on the angles describing inaccuracies of the apparent quadratic electrooptic coefficient g app that would be derived instead of the g 1212 coefficient from the measured changes in the light intensity when the electric field is employed.
Next, we took into account the configuration when the light propagates perpendicularly to the optic axis
Neglecting any inaccuracies for these directions of light and field, the following effective quadratic coefficient may be measured ). (6) The results obtained for the configuration given by Eq. (5), allowing for small errors in the crystal cutting and alignment, are illustrated in Fig. 2 . Figures 1 and 2 show that even relatively small inaccuracies in the crystal cutting and alignment may cause high quadratic responses. In our calculations, other configurations with the light parallel and perpendicular to the optic axis were analysed as well. We considered also the beams with other profiles, namely, uniform, flat-topped Gaussian, and quasi-Gaussian [3] and we found that the nonlinear response for each of the distributions is comparable to that obtained for the Gaussian beam. Generally, we found that the effect of the inaccuracies is especially significant when the light beam propagates in the vicinity of the optical axis. 
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Conclusions
The results obtained for BaTiO 3 in the ferroelectric phase indicate that in the crystals for which large differences in magnitudes of individual linear electrooptic coefficients are observed, the measurements of the quadratic coefficients have to be performed with special care. Even small inaccuracies, of the order of 0.1°, in the crystal cutting and/or alignment may be a reason of additional indirect quadratic contributions that originate from the linear effect. Also, in applications of such crystals, a significant nonlinear response may appear.
